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(57) Abstract: The present invention provides methods and devices for promoting tissue adhesion, which utilizes the healing process 
^ and scar tissue formation to bond two tissue surfaces together. A tissue injury is accomplished by destroying the mucosal layer of 

tissue. After the injury is initiated, the tissue is preferably held in close contact by a tissue apposition means such as a suture, staple or 
Q clip device placed adjacent to ihc treatment site. The tissue injury may be initialed by electrical/radiofrequency energy; chemical or 
£^ mechanical means integrated with the tissue apposition device or delivered by a separate instrument such as an electrocautery catheter 
^ through an endoscope. As scar tissue created by the injury forms, the tissue surfaces become bonded together in a permanent union. 
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Field of the Invention 

The present invention relates to methods of treating tissue of the human 
body, specifically, methods of promoting adhesion between tissue surfaces. 



Securely joining one tissue portion to another is important to the successful 
treatment of various medical ailments. However, because tissue Is soft, pliable, and 
moist and is often subject to dynamic movement, it can be difficult to maintain 
different segments of tissue joined together. Common methods for joining tissue 
segments together include: suturing with surgical thread secured by a surgical knot, 
lock device or application of surgical staples. The success of knotted sutures is 
dependent on the skill of the physician forming a strong surgical knot Both stapling 
and suturing are susceptible to failure if the tissue surrounding the suture or staple 
tears permitting the material to break free and release the tissue. 

Another method for retaining segments of tissue together involves the 
application of adhesive. Adhesives may be applied In connection with' a reinforcing 
'substrate that is flexible, such as a bandage or flexible strip. Alternatively, the 
adhesive may be applied directly to the tissue folds. Biologically safe tissue 
adhesives are sometimes used in surgical applications to help maintain tissues 
joined together. However, the moist pliable nature of tissue makes successfully 
bonding tissue surfaces together difficult. The bonding agent may not adhere to the 
tissue surface in the presence of biological fluids, eta Additionally, the dynamic 
environments in which most tissue areas exist tend to weaken bonds created by 
adhesives. 

Adhering tissue layers together can be challenging in both external treatment 
sites as well as internal treatment locations. Internally located tissues may be more 
difficult to bond together because they are more remote and difficult to reach for 
securement methods, such as suture placement and knot tying. Additionally, 
internal treatment sites may be exposed to a moist environment of body fluids such 
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as blood or harsh corrosive substances contained within the body that may serve to 
weaken adhesive bonds or restraining means such as suture or staples. 

Joining tissue can be especially challenging in endoscopic tissue apposition 
procedures. Endoscopic tissue apposition devices are available that can be used in 
5 the body of a patient without the need to make an external incision in the patient, the 
device being controlled externally of the patient by endoscopic means. The device 
may comprise a sewing or stapling device for use in flexible endoscopy, though it is 
also applicable to devices for use in rigid endoscopy. 

Apposition devices of this general type are described in, for example, U.S. 

10 Pat. Nos. 5,080,663 and 5,792,153. Those patents disclose a sewing device for 
passing a suture thread through a tissue fold, which comprises a hollow needle 
movable between a first position in which it is out of the said tissue fold and a 
second position in which it passes through the said tissue fold, and a thread carrier 
adapted to be attached to the thread and being receivable within the hollow needle. 

15 The sewing device comprises a body, which defines a cavity within which the tissue 
fold can be held by means of suction, and the hollow needle is mounted for 
movement in the body between the first and second positions. 

Two particular embodiments are described in the above-referenced 5,792,153 
patent: a single stitch sewing device, and a multiple stitch sewing device. In the 

20 single stitch device, the thread carrier is transported by the needle through the tissue 
as the latter passes from its first position to its second position. When the needle 
returns to its first position, the thread carrier is left behind in the distal end of the 
sewing capsule. In the multiple stitch device, the same procedure occurs, but it is 
followed by a further step in which the hollow needle travels from its first position to 

25 its second position, picks up the thread carrier, and returns it. A second stitch may 
be formed during the next step. The whole sequence of steps is repeated as many 
times as may be required to form the desired number of stitches. 

A variable in the success of keeping tissue joined together is the quality of the 
surgical knot tied to secure the tissue. It would be desirable to improve the reliability 

30 of the suture knot to increase the level of confidence in the procedures performed 
using the above-mentioned endoscopic devices. To improve the reliability of known 
methods of securing tissue together, the methods should be improved, or 
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safeguarded with a secondary securement operation. The present invention 
provides improved methods and devices for joining tissue. 

Summary of the Invention 

5 The present invention provides a method of promoting tissue adhesion 

between surfaces of tissue. The method comprises injuring an area of the outer 
surface layer of each tissue surface that is to be joined in order to initiate an injury 
response resulting in and the formation of scar tissue. After tissue is injured, it 
undergoes a healing process, a component of which is the formation of scar tissue. 

10 The injured tissue surfaces are held in contact during the healing process and new 
scar tissue formation occurs between the closely held tissue surfaces, causing the 
surfaces to grow together as one tissue mass. The resulting tissue mass bonds 
together the previously separate tissue surfaces. The new tissue growth is 
commonly shared between the two surfaces. After formation of the new tissue, the 

15 tissue will remain together without the aid of external tissue apposition means' such 
as a suture, staple or adhesive. 

The tissue surfaces may be held in contact during the healing process and 
scar tissue formation by a variety of mechanisms. Sutures or surgical staples may 
be used to hold the tissue in contact during the new tissue formation. Suture 

20 material may be secured by a surgical knot or by suture lock configured to frictionally 
engage the suture threads to prevent relative movement between them and the 
captured tissue. Examples of such suture locks are presented in International 
application PCT/US0 1/07349, filed by the assignee of the present invention. That 
application is incorporated by reference herein in its entirety. Among suture locks 

25 disclosed in that application are a two-part ring and plug combination in which the 
plug is secured into the ring by a friction fit capturing the suture leads between the 
mating surfaces to secure them. It is preferred that the tissue apposition 
mechanism, such as a suture or staple, not pass directly through the tissue at the 
injured areas. The injured tissue areas have been weakened and may be prone to 

30 tearing at the site of the suture or staple. The suture or staple should be placed at 
an area that is adjacent to the injured tissue area, yet situated so that securement of 
the staple or suture will result in bringing injured areas of tissue into contact. 
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The injured tissue surfaces need only be held in contact temporarily, during 
the healing process, until scar tissue has grown between the injured tissue areas. 
Therefore, the tissue apposition devices need only be temporary. Bioabsorbable 
sutures, suture clips, staples or other fastening mechanisms may be used in 

5 conjunction with this method. Alternatively, other temporary means for joining tissue 
may be used such as tissue adhesive. 

The injury to the tissue surface need only be slight, sufficient to initiate an 
injury response and the growth of scar tissue. Accordingly, only the outermost 
surface of the tissue generally should be abraded or destroyed to promote a healing 

10 response and tissue adhesion. Such a controlled injury is preferably created by 
electrical abrasion means such as application of radiofrequency energy to the 
intended injury location. Radiofrequency energy may be delivered by a variety of 
available medical devices designed for application of such energy, for example 
electrophysiology catheters. In the case of internal tissue treatments an 

15 electrocautery catheter could be used. 

Alternatively, the tissue abrasion means may be integrated in the tissue 
apposition device that is used to initially capture and secure the tissue folds 
together. In particular, the abrasion means, such as RF energy emitting plates may 
be placed on the surfaces of the apposition device that come into contact with the 

20 captured tissue folds intended to be joined together. By applying ab'rasion energy to 
the surfaces of the tissue, while it is captured and secured by secondary means 
such as suture or staples, greater accuracy in locating the abrasion area on the 
tissue so that it will be properly aligned with the abrasion means on the subsequent 
tissue mounds. Devices and methods directed to the integrated tissue apposition 

25 device and abrasion means are disclosed in PCT/US01/06835, also assigned to the 
assignee of the present invention. That application is incorporated by reference 
herein, in its entirety. Additional configurations of the tissue apposition device with 
abrasion means are also disclosed in detail below. 

Alternatively, chemical means for abrading the tissue may be used to create 

30 the injury. For example, acids or abrasive substances, such as sodium oleate may 
provide sufficient abrasion to the tissue surfaces to initiate an injury response that 
will lead to common growth of new tissue between the tissue surfaces. Alternatively, 
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a chemically abrasive substance may be applied in addition to the radiofrequency 
treatment to enhance the injury created to insure that a healing response is initiated 
in the tissue. Mechanical means may also be used to abrade the tissue sufficiently 
to create an injury response. To initiate a mechanical injury, an abrasive surface 

5 may be rubbed against the intended injury areas to injure the tissue. The chemical 
or mechanical abrasion means also may be incorporated directly into the tissue 
apposition device or applied separately by an independent instrument. 

The present method of promoting tissue adhesion is believed to be especially 
useful in joining together folds or portions of gastric tissue in an endoscopic tissue 

10 apposition procedure to treat gastroesophageal reflex disease (G.E.R.D.). U.S. 
patent nos. 4,841 ,888, 5,037,021 , 5,080,663 and 5,792,153 describe methods and 
devices for performing endoscopic suturing of tissue to treat G.E.R.D., all of which 
are herein incorporated by reference in their entirety. Those patents describe 
endoscopic suturing devices delivered at the distal end of an endoscope through the 

15 esophagus to the area slightly below the gastroesophageal junction, the "Z-line" 

between the esophagus and the stomach where plications of the gastric tissue are to 
be formed and secured together by sutures or staples. 

A potential problem with this procedure is subsequent release of the sutures 
from the tissue for a variety of reasons. Over time, the suture may tear through the 

20 tissue or may loosen if an improper surgical knot had been tied to secure it. 
Promoting a tissue adhesion between the folds of tissue by the present method 
helps to insure a permanent bond between the tissue surfaces, regardless of the 
condition of the suture after a period of time. The present method is useful to help 
promote tissue adhesion during endoscopic suturing by creating a tissue injury on 

25 the tissue surface between the collected folds of tissue. The tissue injury may be 
applied prior to or after tightening of the suture to bring the folds in close contact. 

Although the present invention is especially useful in the above-described 
G.E.R.D. treatment, other treatments may benefit from application of the method of 
the present invention. For example, the method may be used to aid in attaching a 

30 feeding tube to the small intestine; enclosing intestinal openings in the case of a 
fistula, repairing esophageal tears or suturing tissue sites of localized bleeding. 
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It is an object of the present invention to provide a method of promoting tissue 
adhesion that utilizes localized tissue injury to initiate a healing response and scar 
tissue formation to bond tissue surfaces together. 

It is another object of the invention to provide a method in promoting tissue 
5 adhesion to hold folds of tissue on the gastric surface of the stomach to treat 
G.E.R.D. 

It is another object of the invention to provide a method in promoting tissue 
adhesion that may be accomplished endoscopically at a remote internal treatment 
site. 

10 It is another object of the present invention to provide a method of promoting 

tissue adhesion that uses radiofrequency energy to injure the tissue in order to 
initiate a healing response that promotes new tissue growth between adjacent tissue 
surfaces that are held in contact by a tissue apposition mechanism. 

It is another object of the invention to provide a tissue apposition device with 
15 integrated tissue abrasion means. 

It is another object of the invention to provide a method of joining tissue folds 
together using a tissue apposition device with integrated tissue abrasion means to 
abrade the tissue that is to be joined. 

20 Brief Description of the Drawings 

The foregoing and other objects and advantages of the invention will be 
appreciated more fully from the following further description thereof, with reference 
to the accompanying diagrammatic drawings wherein: 

FIG: 1 is a diagrammatic illustration of the region of the gastroesophageal 
25 junction between the esophagus and the stomach; 

FIG. 2 is a diagrammatic illustration of a distal end of an endoscope; 

FIGS. 3-5 are partial sectional side views of a prior art endoscopic tissue 
apposition device placing a suture through a fold of tissue; 

FIG. 6 is a diagrammatic illustration of radiofrequency energy being delivered 
30 to injure an area of tissue between two folds of tissue by the use of an 
endoscopically introduced electrocautery catheter, 
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FIG. 7 is a diagrammatic illustration of two folds of tissue being secured 
together after creation of tissue injury area therebetween; 

FIG. 8 is a diagrammatic illustration of radiofrequency energy being delivered 
to injure an area of tissue between two folds of tissue by the use of an 
5 endoscopically introduced electrocautery catheter; 

FIG. 9 is a diagrammatic illustration of radiofrequency energy being delivered 
to injure an area of tissue between two folds of tissue by the use of an 
endoscopically introduced electrocautery catheter; and 

FIG. 10 is a diagrammatic illustration of radiofrequency energy being applied 
10 to create an injured area of tissue between two folds of tissue that have been tightly 
secured together in contact by a previously placed suture. 

FIGS. 11-13 are partial sectional side views of an endoscopic tissue 
apposition device placing a suture through a fold of tissue; 

FIG. 11A is a sectional view of the endoscopic tissue apposition device of 
15 FIG. 11 taken along the line 11A-11 A. 

FIG. 14 is a diagrammatic illustration of the region of the gastroesophageal 
junction between the esophagus and the stomach with an endoscopic tissue 
apposition device placing sutures through folds of tissue; 

FIG. 15 is a diagrammatic illustration two folds of tissue having opposing 
20 injured tissue surfaces that will be brought into contact by the tightening of the 
sutures. 

Description of the Illustrative Embodiments 

The present invention provides a method for promoting tissue adhesion 
25 between separate tissue surfaces. As mentioned above, the method is useful for 
external or internal tissue regions but may be especially useful in endoscopic 
procedures such as the endoscopic suturing of gastric tissue to treat G.E.R.D. U.S. 
patent nos. 4,841,888, 5,037,021, 5,080,663 and 5,792,153 describe an endoscopic 
suturing system and methods with which the present invention is useful or may be 
30 used. Those patents are incorporated by reference herein, in their entirety. A brief 
description of the basic elements of that procedure is presented below and the 
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description of the illustrative embodiment will focus on the method of the present 
invention as it is used in the endoscopic G.E.R.D. treatment procedure. 

FIG. 1 shows a diagrammatic illustration of the gastroesophageal junction 
(Z-line) 1 between the esophagus 2 and stomach 4, located below the diaphragm 5. 
5 Below the junction, a series of placations 8 are formed, each created by joining 
together two folds or portions 7 of tissue. The folds 7 of tissue are gathered and 
joined together by a suturing device 52 mounted at the distal end of an endoscope 
20, rather than surgically, to reduce treatment time and trauma to the patient. 
FIG. 2 shows the distal end 18 of a flexible endoscope 20 with which the 

10 present invention may be used. Terminating at a distal face 16 of the endoscope 
are several channels through which various functions may be performed. Typically, 
at least one large working channel lumen 14 is provided through which various 
medical instruments, catheters or accessory control mechanisms may be passed. In 
the case of viewing endoscopes, a viewing lens 12 is provided on the distal face of 

15 the endoscope to permit viewing via optical fiber or digital electronics that extend 
from the lens to the endoscope to its proximal end. Lights 13 illuminate the 
treatment site so that it may be viewed through the lens 12. Some endoscopes also 
have a fluid port 15 through which solution may be passed under pressure to rinse 
the lens of biological debris during a procedure. 

20 FIGS, 3-5 depict a prior art endoscopic tissue apposition device disclosed in 

U.S. patent no. 5,792,153. FIG. 3 shows the distal end of a flexible endoscope 20, 
on which a sewing device 52 is attached. As mentioned above, the endoscope is 
provided with a viewing channel, which is not shown, but which terminates at a lens 
12 on the distal face of the endoscope. The endoscope is further provided with a 

25 biopsy/working channel 14, and a suction channel 24, the proximal end of which is 
connected to a source of reduced pressure (not shown). The sewing device 52 has 
a tube 25, which communicates with the suction pipe 24 and has a plurality of 
perforations 26 therein. These perforations communicate with an upwardly open 
cavity 27 formed in the sewing device. 

30 A hollow needle 28 is mounted in the biopsy channel 14, with its beveled tip 

extending into the sewing device. The needle has a channel 29 extending 
therethrough. A flexible, wire-wound cable 30 has its forward end attached to the 
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rear of the needle 28, and a center wire 31 runs within the cable 30, along the entire 
length thereof, and is longitudinally movable with respect thereto. The diameter of 
the wire 31 is such that it is longitudinally movable within the channel 29 and, in the 
position shown in FIG. 3 f the forward end portion of the wire 31 extends into the rear 
5 end portion of the channel 29. 

A thread carrier in the form of a tag 32 is mounted in the channel 29. The tag 
is shown in more detail in the enlarged view, which forms part of FIG. 3. The tag 
may be hollow and has an aperture 33 extending through the sidewall thereof. As 
can also be seen in FIG. 3, one end of a thread 34 is secured to the tag by passing it 

10 through the aperture 33 and tying in the end of a knot 35 of sufficient size to prevent 
the thread escaping from the tag. 

The sewing device has a hollow head portion 36 defining a chamber 40 
therein, with the head portion 36 and the endoscope 1 being on opposite sides of 
the cavity 27. Between the chamber 40 and the cavity 47 is a wall 37, in which there 

15 is formed an aperture 58. The aperture 38 has a diameter that is marginally greater 
than the external diameter of the needle 28, and is aligned therewith. The clearance 
between the needle 28 and the aperture 38 must be sufficiently small to prevent 
tissue from being forced through the aperture and causing.the needle to jam. 
Finally, FIG. 3 shows a portion of the patient's tissue 39, in which a stitch is to be 

20 formed. 

In operation, suction is applied to the suction pipe 24, and thence, via the 
perforations 26 in the tube 25 to the cavity 27. This sucks into the cavity a U-shaped 
fold 7 of the tissue 39, as shown in FIG. 4. The hollow needle 28 is pushed through 
the U-shaped tissue fold 7 by exerting a distal (leftward) force on the wire-wound 

25 cable 30, and the tag 32 is pushed along the channel 29 from right to left, by 
exerting a leftwards force on the center wire 31 . After full advancement of the 
. needle, the tip portion of the needle 28 is on the left-hand side of the wall 37, within 
the chamber 40 in the hollow head portion 36, and the tag 32, within the channel 29, 
lies to the left of the wall 37. 

30 Continued distal movement of the wire 31 pushes the tag 32 out of the 

channel 29 and into the chamber 40. The wire 31 is then withdrawn proximally 
(rightwardly), followed by the proximal withdrawal of the cable 20, to bring both back 
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to the positions which they occupy in FIG. 3. The suction is then discontinued so 
allowing the U-shaped tissue fold 7 to be released from the cavity 27. The position 
is then as shown In FIG. 5. Finally, the endoscope and sewing device are withdrawn 
from the patient. In so doing, the thread 34 is pulled partially through the tissue fold 

5 7, since the tag 32 is trapped in the chamber 40. The end result is that both ends of 
the thread are outside of the patient and can be knotted and/or severed as may be 
appropriate. It should be noted that a multiple stitch embodiment also is disclosed in 
U.S. Pat. No. 5,792,153. 

FIG. 6 is a diagrammatic illustration of an injury area 50 being created 

10 between two folds 7 of tissue that have been captured and penetrated by a suture 
34. In a preferred method, after a suture has been placed through the two folds 7, 
the first endoscope 20, equipped with the suturing system 52, is withdrawn from the 
esophagus of the patient. Next, a second endoscope 58, without an endoscopic 
suturing accessory, is then navigated through the esophagus to the Z-line region 1 

15 and site of the tissue folds 7 and suture 34. An electrocautery catheter 60 is 
introduced through the working channel lumen of the endoscope 58 and, after 
protruding from the distal end 68 of the endoscope, is directed to the area of tissue 
between the two folds 7. The second endoscope 58 can be a distal viewing 
endoscope as shown in the figures, or it may be a side viewing type endoscope (not 

20 shown) having a side facing distal working channel port through which an 
electrocautery catheter would exit. 

A standard, commercially available electrocautery catheter is suitable for 
creating the desired injury, such as the Bard Bi-Polar Hemostasis Probe connected 
externally to a Valley Lab electrosurgical generator available from Bard 

25 Interventional Products Division, C.R. Bard Inc., 129 Concord Road, Billerica, MA 
01821, or a Gold Probe, bicap probe using an Endostat II generator available from 
the Microvasive Division of Boston Scientific Corporation, 480 Pleasant Street, 
Watertown, MA 02172. Because a bi-polar type electrocautery probe delivers 
energy only to a shallow depth of tissue, it is preferred for creating the desired tissue 

30 injury of only the outer-most tissue layer or mucosal layer. A mono-polar type probe 
would not be as suitable for creating the desired shallow injury because it delivers 
destructive energy more deeply below the tissue surface. The energy applicator at 
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the distal tip of the catheter is directed to the appropriate tissue site by viewing the 
catheter movement through the endoscope. Directional control of the catheter is 
accomplished by controlling the distal tip 68 of the endoscope. Additionally, an 
electrocautery catheter may have a precurved distal tip to aid in navigation after it 
5 exits the endoscope. Additionally, a side viewing endoscope offers further 
directional control over a catheter exiting through the distal port of its working 
channel by the operation of a movable elevator to affect lifting and angling of the 
catheter shaft as it exits the endoscope. 

As mentioned above, the tissue injury area 50 is preferably positioned 

10 between the two tissue folds 7. The area between the folds 7 forms a U-shaped 
trough 70 when the folds are partially gathered and brought together. Preferably, 
injury is produced along the bottom of the trough 72, extending partially up the 
opposing surfaces 86 and 88 on the sides 74 of the trough. However, the Injury area 
50 should not be extended to include the suture penetration points 78 of the tissue. 

15 Creation of the tissue injury by destruction of the mucosal layer weakens the tissue. 
Tissue that has been injured and contains a suture would be more susceptible to 
tearing under the motion and concentrated stress of the suture at the penetration 
points 78. 

The injury created by the electrocautery catheter should only affect the 
20 mucosal layer of the gastric tissue and should be of a magnitude sufficient to initiate 
an injury response in the tissue to promote scar tissue growth. Using radiofrequency 
electrocautery, with a bi-polar probe, it has been found that the desired injury level 
can be achieved by applying bicap cautery in an approximate range of 25 to 50 
watts for an approximate time period of between 2 to 6 seconds. 
25 Alternatively or supplementally, chemical abrasion means may be used to 

cause injury area on the surface of the tissue. Abrasive or corrosive substances 
such as sodium oieate may be applied to the desired injury area to chemically 
abrade the mucosal layer of tissue. Alternatively, the chemical substance may be 
applied after application of the radio frequency energy to help initiate a tissue injury 
30 response that will lead to scar tissue formation between the opposing tissue 
surfaces 86 and 88. 
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Alternatively, a mechanical element may be used to abrade the tissue to 
initiate an injury response on the tissue surface between the tissue folds 7. The 
mechanical means may comprise an abrasive surface at the distal end of a catheter 
that is rubbed against the surface of the tissue to create an abrasion that will lead to 

5 an injury response and scar tissue formation. New scar tissue will form in the injured 
tissue area 50, which will unite the two opposing tissue surfaces 86 and 88 as one 
tissue mass once the healing process has become advanced. 

As shown in FIG. 7 after the tissue injury area 50 has been created, suture 34 
may be tightened to draw together the tissue folds 7 and the injured tissue of 

10 opposing surfaces 86 and 88 that were created at the bottom 72 and sides 74 of the 
trough 70. The opposing tissue surfaces 86 and 88 of each tissue fold are thus 
drawn into contact by the tightening of the suture 34. The suture is then secured by 
a securement mechanism such as several surgical knots 90. Surgical knots may be 
run down to the suture site by a knot pusher device attached to the distal end of a 

15 endoscope as described in U.S. Patent No. 6,010,515. Alternatively, the suture may 
be secured by a suture lock device, such as that described in U.S. Patent No. 
5,584,861 . The tissue may also be secured by a staple device such as disclosed in 
U.S. Patent No. 5,037,021 . The above referenced patents are incorporated by 
reference herein in their entirety. 

20 As shown in FIGS. 8 and 9, after the opposing surfaces 86 and 88 located at 

the bottom 72 and sides 74 of the trough 70 has been abraded, opposing surfaces 
92 and 94 at the top 96 of the trough 70, above the suture penetration points 78, 
may be abraded to provide additional tissue adherence between the tissue surfaces. 
Another preferred method of promoting tissue adhesion between two folds 7 

25 of tissue is shown in FIG. 10. In this method, the suture 34 is tightened to bring the 
opposing surfaces 86 and 88 and 92 and 94 of the folds 7 into contact before the 
tissue injury area 50 is created by the electrocautery catheter 60. After the suture 34 
is tightened, the electrocautery catheter 60 is navigated to become wedged between 
the tissue folds 7 in the trough 70. Once residing in the trough, radio frequency 

30 energy is applied to the surrounding tissue surfaces of the bottom 72 and the sides 
74 of the trough. 
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It should be noted that FIG. 10 shows the trough to be a size that permits free 
access of the distal end 100 of the electrocautery catheter 60 for illustration 
purposes only. The actual size of the trough 70 after the suture 34 has been pulled 
tight to secure the tissue folds 7 would be very small or almost non-existent, with 
opposing surfaces 86 and 88 in contact. However, due to the pliable nature of the 
tissue, the catheter can still be negotiated between the folds 7 to apply energy to the 
trough region. An advantage of applying the injury inducing energy after the suture 
34 has been tightened is that the surfaces that should be subjected to injury to 
become bonded will have been clearly defined to the treating physician. 
Additionally, the snug fit of the catheter In the reduced size trough 70 will insure that 
the catheter position is correct to deliver its injury creating energy. 

In another aspect of the invention, abrasion means are integrated into the 
tissue apposition device so that abrasions may be created on the tissue while it is 
captured by the apposition device 52. A modified tissue apposition device is shown 
in FIGS. 11-13. The tissue apposition device is modified by the incorporation of 
tissue abrasion means 102 on at least one tissue contacting surface of the device. 
The placement of the abrasion means on the apposition device is partially dictated 
by technical limitations: where the means can be fit onto the device while remaining 
operable from the proximal end by a user. However, placement of the abrasion 
means should also be dictated by the desired final arrangement of joined tissue 
surfaces and the orientation that the apposition device will have relative to that 
arrangement when it is advanced to the subject area. The abrasion means should 
be arranged on the device so that injury may be applied to opposing tissue surfaces 
on the tissue folds that are to be brought together. The injury should be applied to 
the two tissue surfaces that will be brought into contact with each other. In the 
example shown in FIGS 11-13, an abrasion means is located on the sidewalls 104 of 
the cavity 27 of the apposition device 52. That orientation is suitable for the plication 
formation described below in connection with FIGS 14 and 15. However, the 
abrasion means may be located in various other locations on the apposition device 
to accommodate a different orientation of the device that may be required to reach a 
different area of the body or to create a different arrangement of plications. Another 
consideration in placement of the abrasion means is avoidance of the tissue 
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securement device pathway, such as the needle and suture path through the tissue 
in the present example. As mentioned above, the suture should not penetrate the 
area of tissue injury because it is weak and subject to tearing. Placing the abrasion 
means 102 on the sidewalls 104 of the capsule serves to create injury on the sides 
5 of the tissue fold 7 rather than along the suture path, which extends front to back 
(proximal to distal). Abrasion means may be applied anywhere on the apposition 
device, on the outside surface or within the cavity 27. 

The abrasion means may comprise any of the mechanisms described above: 
electrical (RF), chemical or mechanical. In FIGS 11-13 the abrasion means 

10 comprises an RF energy emitting plate 102 secured to the sidewall 104 of the 
suction cavity 27 by such means as adhesive or mechanical fasteners. The RF 
plate is energized by a wire 106 that extends from the plate, proximally along the 
endoscope 20 to a RF generator located external to the patient. The wire 106 may 
extend along the exterior of the scope, with the vacuum tube 24. The penetration 

15 point of the wire into the cavity 27 may be sealed to maintain strong suction in the 
cavity when vacuum is applied. 

Because the RF plate 102 conducts electrical energy, it must be insulated 
from other metal components of the system. The RF plates may be formed from 
stainless steel and may be coated with a material of greater conductivity such as 

20 gold or copper. To prevent electrical conducting to other metal components of the 
tissue apposition device, the capsule 52 may be formed of a non-conductive 
material, such as a rigid polymer. Alternatively, the surfaces of the capsule may be 
insulated from the exposed metal RF plate 102 by coating or lining the surfaces with 
Teflon or other known insulator materials. 

25 As shown in the sectional view of FIG. 1 1 A, taken along the line 1 1 A-1 1A of 

FIG. 1 1 , left and right RF plates 1 12 and 1 14 may be provided for left and right 
sidewalls 116 and 1 18. The sectional view shows the capsule from the distal end of 
the scope looking forward, therefore left and right are defined in this discussion from 
that perspective. The RF plates 112 and 114 are positioned to abrade both sides of 

30 a tissue fold 7, but preferably the left and right plates are independently operable so 
that just one side of the tissue fold can selectively be abraded. The selective 
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abrasion capability increases the flexibility of how plications may be arranged and 
secured together. 

In operation of the apposition device with abrasion means, shown in FIGS 11- 
13, suction is applied to the suction pipe 24 and cavity 27, via the perforations 26 in 
5 the tube 25 to aspirate a U-shaped fold 7 of the tissue 39 into the cavity, as shown in 
FIG. 12. The hollow needle 28 is pushed through the U-shaped tissue fold 7 by 
exerting a distal (leftward) force on the wire-wound cable 30, and the tag 32 is 
pushed along the channel 29 from right to left, by exerting a leftwards force on the 
center wire 31 . After full advancement of the needle, the tissue is secured in the 

10 cavity and will not move appreciably even if it escapes the suction force applied 
through the cavity 7. In this secured position, the abrasion energy may be appHed to 
cause a tissue injury to the surfaces of the tissue in contact with the RF plates 102. 
To abrade the tissue, electrical (RF) energy may be applied form the proximal end of 
the endoscope through the wire 106 to energize the plates 102. Selective activation 

15 of the energy between the left and right plates 1 12 and 1 14 may be provided. RF 
energy parameters and times are the same as for the independent RF devices 
described above. 

After application of the abrasion energy the application of the tissue 
securement mechanism, such as a suture may proceed as was described above for 

20 the prior art device in FIGS. 3-5. Continued distal movement of the wire 31 pushes 
the tag 32 out of the channel 29 and into the chamber 40. The wire 31 is then 
withdrawn proximally (rightwardly), followed by the proximal withdrawal of the cable 
20, to bring both back to the positions which they occupy in FIG. 1 1 . The suction is 
then discontinued, allowing the U-shaped tissue fold 7 to be released from the cavity 

25 27. As shown in FIG. 13, the resulting tissue fold 7 has an injury area 120 where the 
abrasion energy was applied. The injury area 120 reflects application of abrasion 
energy having been applied by right RF plate 114, which cannot be shown In the 
sectional views of FIGS. 1 1-13. Likewise, an injury area on the opposite side of 
injury 120, produced by left RF plate 112, cannot be seen in FIG. 13 

30 To form plications, with the endoscopic tissue apposition device having 

abrasion means, two folds of tissue are brought together by tightening of the suture 
to form a plication. The injured areas 120 on the tissue folds should be aligned to 
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contact each other when the suture is tightened to draw the folds together to form a 
plication. The series of plications may be formed in a variety of configurations and 
the most effective configurations for the treatment of GERD is still a subject of 
investigation at this time. However, several preferred techniques have been 
5 established, including the plication configuration described above in connection with . 
the separately applied abrasion devices. 

In another preferred technique shown in FIGS. 14 and 15, tissue folds 7 or 
folds are captured and sutured at radially spaced locations around the Z-line 1. The 
tissue capture locations should be at approximately the same longitudinal level. For 

10 example the endoscope 20 may be inserted into the esophagus 2 to the proper 
depth relative to the Z-line for plication formation. The initial insertion depth may be 
verified visually through the endoscope, and depth placement for subsequent 
intubations verified visually through the scope or by observation of the endoscope 
shaft location external to the patient, relative to the mouth. 

15 Next the endoscope is rotated to approximately the one o'clock position and a 

fold of tissue 130 is captured. Preferably, the needle is advanced through the tissue 
to hold it in position while abrasion is performed. While the tissue is captured in the 
cavity, one of the abrasion elements 102 is activated to abrade an area on one side 
of the tissue fold 130 that will face the next tissue section captured. In FIG 14, the 

20 next tissue fold that will be captured is the 3 o'clock position fold 134. To place an 
injury 1 20 on tissue fold 1 30 that faces fold 1 34, the left RF plate 1 1 2 of the capsule 
alone should be activated. FIG. 15 shows the injury area 120 on fold 130 in 
phantom. However, if the apposition device is not configured for independent 
control of left and right RF plates, both sides of the tissue fold may be abraded. The 

25 side of the fold that will not be brought into contact with another fold of tissue will 
heal without adverse consequence. After the abrasion is created, the suturing 
procedure may be completed to maintain the tissue fold configuration: the suture is 
advanced through the needle and tissue fold, needle is withdrawn from the tissue 
and vacuum is discontinued to release the tissue. 

30 Next, a second tissue fold 1 34 is captured to be joined to the first tissue fold 

to form a plication. To capture a second, adjacent fold, the endoscope 20 and 
suturing capsule 52 may be withdrawn outward from the patient and the suture lead 
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reloaded into the needle for another suture delivery through the second tissue fold 
located adjacent to the first captured tissue fold. The endoscope is again advanced 
down the esophagus to a depth equal to that of the first tissue capture. The scope is 
rotated to the 3 o'clock position to be radially adjacent to the first tissue fold. A 

5 tissue fold 1 34 is aspirated into the cavity 27 and the needle is advanced through 
the fold to secure it. An abrasion area 120 is created on the side of the tissue fold 
facing the first tissue fold by activating the right RF plate 114. After the abrasion is 
created, the suture may be passed through the needle and the tissue fold, needle 
withdrawn, aspiration discontinued and tissue released. With the two adjacent 

10 tissue folds secured by sutures and having facing abrasions, the suture leads 34 
may be tightened to draw the tissue folds together with the facing abrasions 120 
coming into contact. When the sutures are tightly secured by surgical knot or suture 
lock. The abrasion areas will be maintained in contact and will. heal together, 
permanently joining the surfaces of the tissue folds. 

15 It should be understood however, that the foregoing description of the 

invention is intended merely to be illustrative thereof and that other modifications, 
embodiments and equivalents may be apparent to those who are skilled in the art 
without departing from its spirit. Having thus described the invention what we desire 
to claim and secure by letters patent is: 



20 
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1 . A method of promoting tissue adhesion between tissue surfaces 
comprising: 

5 injuring an area of the each tissue surface to be joined to initiate an 

injury response in the tissue that will result in scar tissue formation; 

securing the injured tissue surfaces in contact for at least the period 
encompassing the resulting scar tissue formation. 

10 2. A method of promoting tissue adhesion as defined in claim 1 wherein 

the tissue surfaces are secured in contact by a suture placed adjacent the injured 
tissue area. 

3. A method of promoting tissue adhesion as defined in claim 2 wherein 
15 the suture is secured by a knot. 

4. A method of promoting tissue adhesion as defined in claim 2 wherein 
the suture is secured by a suture lock device.' . 

20 5. A method of promoting tissue adhesion as defined in claim 1 wherein 

the tissue surfaces are secured by a staple placed adjacent to the injured tissue 
areas. 

6. A method of promoting tissue adhesion as defined in claim 1 wherein 
25 the injury destroys the mucosal layer of the affected areas of tissue. 

7. A method of promoting tissue adhesion as defined in claim 1 wherein 
the injury is created by electrical energy. 

30 8. A method of promoting tissue adhesion as defined in claim 7 wherein 

the energy is radiofrequency energy. 
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9. A method of promoting tissue adhesion as defined in claim 7 wherein 
the radiofrequency energy is applied by an electrocautery catheter. 

10. A method of promoting tissue adhesion as defined in claim 1 wherein 
5 the injury is created by a chemical substance. 

11. A method of promoting tissue adhesion as defined in claim 10 wherein 
injury is created by application of sodium oleate. 

10 12. A method of promoting tissue adhesion as defined in claim 7 wherein 

the injury created by the radiofrequency energy is supplemented by application of 
sodium oleate. 

13. A method of promoting tissue adhesion as defined in claim 1 wherein 
15 the injury is created by mechanical means to abrade the tissue. 

14. A method of promoting tissue adhesion as defined in claim 1 wherein 
the tissue surfaces comprise external tissue of the human body. 

20 15. A method of promoting tissue adhesion as defined in claim 1 wherein 

the tissue surfaces comprises internal tissue of the human body. 

16.. A method of promoting tissue adhesion as defined in claim 15 wherein 
the injury is created between and on facing surfaces of tissue folds previously 
25 collected and through which a suture has been passed. 

17. A method of promoting tissue adhesion as defined in claim 16 further 
comprising tightening the suture to draw the tissue folds and injured surfaces 
together after the injury has been created. 

30 



18. A method of promoting tissue adhesion as defined in claim 16 further 
comprising tightening the suture to draw the tissue folds together, inserting tissue 
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injury means between the folds to create an injury area between the folds and on the 
facing surfaces of the folds. 



19. A method of promoting tissue adhesion between surfaces of tissue 
5 comprising: 

collecting a first tissue area into a first fold, 

placing a tissue apposition means through the collected fold; 

releasing the collected tissue; 

collecting a second tissue area, adjacent to the first tissue area, into a 

10 second fold; 

placing a tissue apposition means through the second fold; 
creating a tissue injury between the first and second tissue folds; 
tightening the tissue apposition means to draw the tissue folds, 
including the injured tissue area into contact with each other; 
15 securing the tissue apposition means. 

20. A method of promoting tissue adhesion as defined in claim 19 wherein 
the tissue is gastric tissue and the injury is applied to the mucosal layer of the gastric 
tissue. 

20 

21 . A method of promoting tissue adhesion as defined in claim 20 wherein 
the method is performed endoscopically. 

22. A method of promoting tissue adhesion between the surfaces of tissue 
25 comprising: 

collecting a first tissue area into a fold; 

placing a method in promoting tissue adhesion through the collected 
tissue first fold; 

releasing the collected tissue; 
30 collecting a second tissue area, adjacent to the first tissue area, into a 

second fold; 

placing a tissue apposition means through the second fold; 
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tightening the tissue apposition means to draw the tissue folds 

together; 

inserting a tissue injury means between the tissue folds; 
creating a tissue injury between the tissue folds; 
5 securing the tissue apposition means. 

23. A method of promoting tissue adhesion as defined in claim 22 wherein 
the tissue is gastric tissue and the injury is applied to the mucosal layer of the gastric 
tissue. 

10 

24. A method of promoting tissue adhesion as defined in claim 23 wherein 
the method is performed endoscopically. 

25. A method of promoting tissue adhesion surfaces of gastric tissue 
15 comprising: 

providing a first endoscope having an endoscopic suturing device at its 

distal end; 

providing a second endoscope; 
providing an electrocautery catheter; 
20 advancing the first endoscope through the esophagus of a patient to a 

location below the gastroesophageal junction, adjacent gastric tissue; 

applying vacuum to the suturing device to capture a fold of tissue; 
passing a tissue apposition means carrying needle through the tissue 
to apply tissue apposition means; 
25 withdrawing the needle and releasing the fold of tissue from the 

suturing device; 

moving the endoscopic suturing device to an adjacent area of gastric 

tissue; 

applying vacuum to capture a fold of gastric tissue; 
30 advancing a tissue apposition means carrying needle through the 

captured tissue; 

withdrawing the needle and releasing the captured tissue; 
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withdrawing the first endoscope from the esophagus of the patient; 

advancing the second endoscope through the esophagus of a patient 
to the location of the tissue apposition means; 

advancing an electrocautery catheter through the working channel of 
5 the second endoscope so that it protrudes from the distal end of the endoscope; 

applying radiofrequency energy to the gastric tissue surface between 
the tissue apposition means placed in the tissue to create a tissue injury area; 

withdrawing the electrocautery catheter and second endoscope from 
the esophagus of the patient; 
1( > tightening the tissue apposition means to draw the folds of tissue 

together and place the tissue injury areas in contact; 

securing the tissue apposition means to maintain the injured tissue 
area in contact. 

15 26. A method of promoting tissue adhesion surfaces of gastric tissue 

comprising: 

providing a first endoscope having an endoscopic suturing device at its 

distal end; 

providing a second endoscope; 
20 providing an electrocautery catheter; 

advancing the first endoscope through the esophagus of a patient to a 
location below the gastroesophageal junction, adjacent gastric tissue; 

applying vacuum to the suturing device to capture a fold of tissue; 
passing a tissue apposition means carrying needle through the tissue 
25 to apply a tissue apposition means; 

withdrawing the needle and releasing the fold of tissue from the 
suturing device; 

moving the endoscopic suturing device to an adjacent area of gastric 

tissue; 

30 applying vacuum to capture a fold of gastric tissue; 

advancing a tissue apposition means carrying needle through the 
captured tissue; 
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withdrawing the needle and releasing the captured tissue; 

withdrawing the first endoscope from the esophagus of the patient; 

advancing the second endoscope through the esophagus of a patient 
to the location of the tissue apposition means; 
5 advancing an electrocautery catheter through the working channel of 

the second endoscope so that it protrudes slightly from the distal end of the 
endoscope; 

applying radiofrequency energy to the gastric tissue surface between 
the tissue apposition means placed in the tissue to create a tissue injury area; 
10 withdrawing the electrocautery catheter and second endoscope from 

the esophagus of the patient; 

tightening the tissue apposition means to draw the folds of tissue 
together and place the tissue injury areas in contact; 

securing the tissue apposition means to maintain the injured tissue 
15 area in contact. 

27. A tissue apposition device comprising: 
a tissue securement device; 

a cavity for capturing a fold of tissue; and 
20 tissue abrasion means configured to produce an injury to tissue. 

28. A tissue apposition device as defined in claim 27 wherein the tissue 
securement mechanism comprises a needle configured to deliver a suture. 

25 29. A tissue apposition device as defined in claim 27 wherein the cavity 

captures tissue by application of vacuum. 

30. A tissue apposition device as defined in claim 27 wherein the tissue 
abrasion means comprise one or more RF energy emitting plates. 

30 

31 . A tissue apposition device as defined in claim 30 wherein the RF 
emitting plates are independently operable. 
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32. A tissue apposition device as defined in claim 27 wherein the tissue 
abrasion means is positioned within the cavity. 

5 33. A method of joining tissue surfaces comprising: 

providing a tissue apposition device having a tissue securement 
device, a cavity and tissue abrasion means; 

placing the tissue apposition device adjacent a first portion of tissue to 

be joined; 

10 capturing the first portion of tissue in the cavity; 

advancing the tissue securement device through the captured tissue; 

abrading the tissue of the tissue abrasion means on a surface that will 
be placed in contact with a second tissue portion to be joined to the first tissue 
portion; 

15 releasing the tissue from the cavity; 

moving the apposition device to a second tissue potion to be joined; 

capturing the second tissue portion into the cavity; 

advancing the tissue securement device through the second tissue 

portion; 

20 operating the tissue abrasion means to abrade a surface of the second 

tissue portion that will be placed in contact with the abraded surface of the first 
tissue portion; 

releasing the second tissue portion from the cavity; 
tightening the tissue securement mechanism to draw the tissue 
25 portions together so that the abraded areas are placed in contact. 
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